Abstract.-The effect of an external magnetic field on the transfer of electron shell to nuclear spin polarization is studied under the condition that the beam traverses the field region adiabatically. We find that the modification of the nuclear spin orientation'is partially caused by a transfer of electronic alignment. Such an effect would not occur under sudden passage conditions. Introduction.-A means of producing nuclear spin oriented heavy ion beams was reportedj recently [1,2]. The method is based on the transfer of orbital momentum orientation (generated by ion-surface interactions at grazing incidence) to the nucleus via hyperfine interaction. It is the purpose of the present note to investigate theoretically, how the transfer of electron shell to nuclear spin polarization, observed from ion beam tilted target experiments at zero field, is affected by external fields outside the ion-target interaction regime. We assume LS coupling to hold. Ho would give the energy levels of the ion unmodified by Hmagn (which is the sum of the electronic and nuclear magnetic interaction) as well as by the spin-orbit and the magnetic hyperfine interactions proportioral to A and a, resp. At time t = o the projectile enters a magnetic field the strength of which guarantees to be obeyed. Accordingly, I and J are good quantum numbers and the mixed state In the adiabatic approximation the effect of the evolution operator on an energy eigenstate at t = o = follows from the relation [ 3 ] where ~~( t -1 is the eigenvalue of H(t) and
Id-> is the corresponding eigenstate.
Since we are primarily interested in the study of ground states lifetime corrections will be.suppressed. They could be easily Yaken into account if necessary.
;In the zero-field regime F is a good quantum number and 1 (IJ T M~) is an appropriate set of basis vectors. The corresponding basis of irreducible tensor operators is denoted by g(k) (F1F2 1.
4 Neglecting cascade effects the time evolution of the state multipoles in the zero-field region which is entered by the ion at to, for times t > to is easily written as with The nuclear spin polarization at time t follows from (6) by averaging over the irrelevant electronic degrees of freedom, yielding
The coupling coefficient on the right-hand side of ( 8 ) is proportional to a 6j symbol and expliaitely given in121 . Further simplification of ( 8 ) arises by averaging over the time window8 large compared to the-hyperfine period (FFJ $?(FF,~. ) .
F
The q = o component 'of the nucleaq spin orientation now reads
3(:'( F F ,~~) .
This quantity is proportional to<IZ).
The state multipole 9':) ( F F , to) can be expressed as <FMF191FM~>to .
The elements of the density matrix < F M~( Q I FM~) can easily be traced back to the initiaPly prepared states with the help of eqs. (4) and ( 5 ) .
Example.-We study the generation of nuclear spin orientation for an ion beam with I = 1/2, L = 1, S = 1/2, e.g. a13c IIground state. The energy eigenvalue problem can be solved analytically in this case. The expressions are not given explicitely. Instead, the term scheme of the 2p State as a function of B is displayed in Fig. 1 
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In the present example (10) reduces to
The pair of triples specifies the coupling of I and J to F in the order (1J)F. Using eqs. (41, ( S ) , (11) and taking into account that the initial nuclear spin distribution is isotropic, (12) can be If the initial electronic spin distribution is isotropic, as can be assumed after ion scattering from nonmagnetic solid surfaces, eQ. (13) We notice a slight enhancement of the cofactor of the initial electronic orientation in (14) as compared to (15). Moreover, the adiabatically varying magnetic field causes the nuclear spin orientation to depend also on the initial electronic (21 alignment9 o(LL,t = 0 ) . Thi.s mixing-in would not occur under sudden passage conditions. The contribution of the electronic alignment does not necessarily lead to an overall enhancement of 9 ' : ( 11) , (2) (11 sinceSo(LL) and yo(LL) may have opposite signs. The following table relates the nuclear orientation to different sets of (k) initial states9 (LL,t = 01.
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The numbers for the electronic state multipoles in the first and third column are taken from [4l and [5], resp. (The state multipoles given there had to be transformed to our geometry). The numbers in the second and fourth column refer to a foil perpendicular to the beam. They are taken because 13c I1 ground state multipoles are unknown and for illustrative purposes, only., The corresponding nuclear spin orientations are given for the adiabatic and the zero-field case in the two bottom lines as indicated. It is obvious that, in our example, the nuclear spin orientation amounts to only a few percent for the initial electronic alignment to be generated by passage through a perpendicular foil. This is a small effect in view of other mechanisms that may destroy the nuclear spin orientation. It is difficult to predict without detailed calculation whether larger magnetic field effects would occur for states with different sets of quantum numbers. This work is supported by the Deutsche Forschungsgemeinschaft
